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Description 

This invention relates to bonding to nickel titanium alloy. 

A problem in bonding to nickel-titanium alloys is that desirable properties such as shape memory or superelasticity 
5 are commonly destroyed or severely degraded as the alloy is heated through its annealing temperature range. The loss 
of these desirable properties is also a function of the size and shape of the alloy member, as well as the time period and 
temperature of the applied heat. Nickel-titanium alloy is often used in medical applications, but when nickel-titanium 
wire is welded or brazed to other material the shape memory or superelastic properties are typically destroyed or 
severely degraded. 

10 The annealing temperature of nickel-titanium alloys such as nitinol ranges from 1 77 to 510*'C (350 degrees to 950 
degrees Fahrenheit) depending on the time period that a particular temperature is applied. Since the annealing temper- 
ature range is well below the typical 1288^0 (2350 degree Fahrenheit) melting temperature of nitinol, welding nickel- 
titanium alloy wires dearly destroys the desirable shape memory and superelastic properties of the alloy particularly at 
the weld joint. The same applies to brazing. 

75 Anotiier bonding technique that utilizes much lower temperatures is soldering. Soldering utilizes a solder material 
typically having a melting point below 425 degrees Celsius. The melting point of the solder material is a function of the 
proportional weights of the constituent metals. Although melting temperatures of solder materials are somewhat lower, 
soldering may also destroy or severely degrade desirable characteristic properties of the nickel-titanium alloy member 
if the activation temperature of tiie soldering flux and the melting temperature of the solder material are too high. 

20 Anotiier problem with soldering to nickel-titanium alloys is tiiat tiiese alloys readily form an outer layer of titanium 
oxide which prevents fluxes from wetting and solder material from f bwing on the surface to form a good metallic bond 
or joint. The oxidation also contaminates and weakens the joint. One solution to the oxidation layer problem is tiie addi- 
tion of one or more layers of an interfoce material for adhering both to the nickel-titanium alloy member surface and the 
bonding material. Several techniques for depositing these interface layers include electroplating or applying com- 

25 pounds, solutions, powders, or fluxes to tiie nickel-titanium alloy member surface. However, many of these techniques 
also present the same previously described heat problem. Another problem witii adding these interface layers is that 
the plated surface may not have the same desirable characteristic properties as the nickel-titanium alloy member. In the 
case of nitinol, a nickel-plated surfece exhibits local loss of flexibility and increased tendency to crack or flake when the 
member is flexed. 

30 Prior to applying a material or adding interface layers to the surface of a nickel-titanium alloy member, contaminants 
such as titanium oxide must be removed. One solution for removing contaminants is the application of a cleaning fluid 
or flux. Here again, the flux must have an activation temperature lower than a particular annealing temperature of the 
nickel-titanium alloy for preventing destruction and degradation of desirable characteristic properties. Traditional fluxes 
that remove the titanium oxkJe from ttie surface of nickel-titanium alloys have activation temperatures typically above 

35 the nominal annealing temperature of the alloy Again, the use of these fluxes destroys or severely degrades the 
superelasticity or shape memory properties of the alloy as tfie nominal annealing temperature is approached. Other 
mechanical solutions for removing contamination are sanding, grinding, scraping, or applying an abrasive paste to the 
surface of tiie alloy Ultrasonic cleaning is also available to shake oxidation particles free from the alloy surface. Physi- 
cally removing oxidation, however, typically leaves a residue to contaminate the metallic bond. 

40 Still another problem with nickel-titanium alloys is that a clean surface oxidizes rapidly, even within fractions of a 
second when exposed to air. To prevent recurrent oxidation and contamination, gas atmosphere reduction may be uti- 
lized in which a nonoxidizing or inert gas is provided during the bonding process. Of course, the contaminants must also 
he removed in a nonoxidizing environment. A disadvantage of this technique is the use of an evacuation or vacuum 
chamber. 

45 EP-A-189 334 discloses a joint comprising: a nickel-titanium alloy member; an interface surface formed in a surface 
of said alloy member; a bonding material flowed on and adhered to said interface surface; and a second member 
adhered to said bonding material; wherein the interface surface is substantially contaminant free and has had titanium 
at least partially removed therefrom. 

According to the present invention there is provided a method as defined in claim 1. 

50 In distinction to the multi-step technique of adding interface layers to the alloy surface, this method advantageously 
provides for tiie ready removal of problematic contamination as well as leaching titanium from the alloy member surface. 
The coating flux with the contaminant and titanium suspended therein also advantageously minimizes further oxidation 
of ttie nickel -rich interface surface. 

Removing or scrubbing the contaminant from tiie alloy member surface includes heating the flux to its activation 

55 temperature and suspending tiie contaminant in tiie flux. The step of removing also includes at least partially leaching 
titanium from the member alloy surface with the flux heated, to its activation temperature. The mettiod further includes 
cooling the flux to form a solid coating of the flux on tiie nickel-rich interface surface after tiie flux-heating step. To 
advantageously strengthen the metallic bond, the flux is scrubbed from tiie alloy member surface to remove tiie sus- 
pended contaminant and titanium from the nickel-rich interface surface. Additional flux is applied to the scrubbed nickel- 
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rich interface surface to leach additional titanium and to remove any remaining contaminants or oxidation. 

The method further comprises flowing the other metal such as a tin-silver solder material to the nickel-rich interface 
surface and displacing from the interface surface the coating of flux with the contaminant and titanium suspended 
therein. Any remaining residual flux is then cleaned from the alloy member surface after the application of the solder 
5 material thereto. 

The method of soldering a nickel-titanium alloy member includes the basic surface preparation method steps in 
addition to applying a molten solder having a melting point below a predetermined annealing temperature of the alloy 
member to the nickel-rich interface surface, positioning another metal member in contact with the molten solder, and 
cooling the molten solder to join the alloy member to the other metal member. 

10 The soldering method includes the use of a nickel-titanium alloy having nickel by weight in a range of 50 to 58 per- 
cent and titanium by weight in a range of 50 to 42 percent. The flux utilized in the soldering method comprises an alu- 
minum flux paste having at least one of tin chloride, zinc chloride, hydrofluoric acid, and ethanolamine as active 
ingredients. The nickel-rich interface surface in the soldering method has titanium by weight in a range of approximately 
49.5 to 0 percent and nickel by weight in a range of 50.5 to 100 percent. The solders utilized in the soldering method 

15 are selected from the group of gold, nickel, indium, tin, silver, cadmium, lead, zirconium, and hafnium. The second 
member in the soldering method is a nickel-titanium alloy wire which has a surface prepared in the same manner as the 
nickel-rich interface surface of the alloy member. Alternatively, the second member in the soldering method is a wire or 
wire coil selected from the group consisting of stainless steel and platinum. 

To further enhance the strength of the metallic bond between the nickel titanium alloy member and the other metal. 

20 the method further conprises at least partially removing titanium oxide from the surface of the nickel-titanium alloy 
before applying the flux thereto. In particular, the soldering method includes applying a pickling solution to at least par- 
tially remove the contaminant from the surface of the alloy member prior to applying the flux. 

The joint obtained with the method comprises a nickel-titanium alloy member, an interface surface formed In the 
surface of the alloy member, a bonding material flowed on and adhering to the Interface surface, and another member 

25 adhering to the tx>nding material. The interface surtece has a contaminant removed therefrom and a predetermined 
amount of titanium at least partially removed therefrom with the flux heated to its activation temperature.' The joint fur- 
ther connprises a tx)nding material comprising a soft solder having a melting temperature below 425 degrees Celsius. 
One such bonding material comprises a silver solder. The other member of the joint also has an Interface surface 
adhering to the bonding material. 

30 The joint obtained with the method is also characterized as including a base substrate of a metal alloy having by 
weight a first predetermined percentage of nickel and a second predetermined percentage of titanium, superelastic and 
shape memory properties, and an annealing temperature above which these superelastic and shape memory proper- 
ties are impaired. The joint also comprises an interface surface on the base substrate and having by weight a third per- 
centage of nickel greater than the first percentage and a fourth percentage of titanium less than the second percentage. 

35 and a solder material having a melting temperature less than the annealing temperature of the base metal alloy adher- 
ing to the interface surface. TTie joint further comprises a second member having an outside surtece bonded to the sol- 
der material. The interface layer of this joint is formed by wetting a surface of the metal alloy with the flux having an 
activation temperature below a predetermined annealing temperature of the metal alloy and removing with the flux a 
contaminant on the interface surface and at least partially removing titanium from the interface surface. 

40 The joint is formed by coating the interface layer with the flux having suspended therein the contaminant and the 
titanium at least partially removed from the alloy surface, flowing the sokier material on the interface layer, and displac- 
ing the solder material flowing on the interface layer with the flux having the contaminant and titanium suspended 
therein. The joint is further formed by cleaning the flux from the base substrate and the solder material. 

The laminate comprises a base member of a nickel-titanium alloy, an upper surface of the base member having a 

45 lower percentage of titanium than throughout the base member as a whole, a layer of solder material bonded to the 
upper surface and a second member bonded to the solder material layer. The base member has titanium by weight in 
a range of 50 to 42 percent and nickel by weight in a range of 50 to 58 percent. The range of titanium to nickel in the 
upper surface is by weight in a range of 49.5 to 0 percent and 50.5 to 100 percent. The solder material of the laminate 
is selected from the group consisting of gold, nickel, indium, tin, silver, cadmium, lead, zirconium, and hafnium. The sec- 

50 ond member of the laminate is selected from the group consisting of nickel-titanium alloys, stainless steel, and platinum. 

Brief Description of the Drawings 

FIG. 1 depicts a partially sectioned view of a nickel-titanium alloy member wire placed in a pickling solution for at 
55 least partially removing a contaminant oxidation layer from the surface thereof to initiate the method of the present 
invention; 

FIG. 2 depicts the nickel-titanium alloy menrt}er wire of FIG. 1 with the contaminant oxidation layer partially 
removed and a flux applied thereto; 

FIG. 3 depicts the alloy member wire of FIG. 2 with the flux heated to its activation temperature for removing the 
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contaminant oxidation layer thereunder and at least partially leaching titanium from the surface of the base metal 
to form a nickel-rich interface surface; 

FIG. 4 depicts an enlarged sectional view of the alloy member wire of FIG. 3 illustrating the base metal, nickel-rich 
interface surface and layer, and the activated flux with the removed contaminant and the leached titanium sus- 
5 pended therein; 

FIG. 5 depicts the alloy member wire of FIG. 3 with the initial flux layer scrubbed and an additional layer of flux 
applied thereover for removing any remaining contaminant on and leaching additional titanium from the nickel-rich 
interface surface thereof; 

FIG. 6 depicts an enlarged partially sectioned view of the alloy member wire of FIG. 5 with molten solder material 
10 flowing onto the nickel-rich interface surface and displacing the coating flux layer; 

FIG. 7 depicts the alloy member wire of FIG. 6 with another member being applied to the molten solder and cooling 
the solder on the nickel-rich surface and the other member to form a laminate or joint therebetween; and 
FIG. 8 depicts the joint or laminate of FIG. 7 with the flux scrubbed from the surfaces of the alloy member wire and 
the other mentber. 

15 

Depicted in FIGS. 1-8 is an illustrative preferred method of preparing the surface of a nickel-titanium alloy member 
wire for bonding thereto a layer of another metal, such as a solder material, and, electively. thereto another similar or 
dissimilar member. The method further includes soldering the nickel -titanium alloy member wire to the other member 
and forming a solder joint therebetween. Also illustrated in FIGS. 1 -8 is a joint comprising the nickel-titanium alloy mem- 

20 ber wire and an interface surface formed in the surface of the member wire with a flux heated to its activation tempera- 
ture. The flux removes the titanium oxide contaminant layer from the surface and also leaches titanium from the surface 
to form a nickel-rich surface on which a solder material is readily flowed. The joint further includes a layer of solder or 
other bonding material flowed on the interface surface and a second member adhering to the solder material. Further 
illustrated in FIGS. 1-8 is a laminate comprising a base member of a nickel-titanium alloy with an upper surface of the 

25 base member having a lower percentage of titanium than throughout the base member as a whole, a layer of solder 
material bonded to the upper surface, and a second member bonded to the solder material layer. 

Depicted in FIG. 1 is a cross-sectional view of distal end 1 1 of nickel-titanium member alloy wire 10 submerged in 
pickling solution 12. The preferred method of preparing the surface of the nickel-titanium alloy member wire comprises 
the initial step of at least partially removing titanium oxide layer 13 from base metal substrate layer 14 of nickel-titanium 

30 alloy member wire 10. By way of example, pickling solution 12 comprises a mixture of 120 ml 52 percent concentration 
hydrofluoric acid, 600 ml 70 percent concentration nitric acid, and 4,000 ml water. The titanium oxide layer constitutes 
a contaminant that should at least be partially removed from the surface of the alloy member wire to assist the subse- 
quently applied flux in the removal of the titanium oxide contaminant from the base metal layer. Depending on the depth 
of the titanium oxide layer, the member remains in the pickling solution preferably for a period of time such as between 

35 one to one and a half minutes to partially etch or dissolve the contaminant layer from the base metal alloy wire. Com- 
pletion of this Initial step is evidenced when the member wire with a polished, shiny surface changes color to a light grey 
or when the member wire with a blackened oxidation layer changes color to a dark grey Experiments with a 0.06 cm. 
(.024") nickel-titanium alloy member wire indicated that no better joint was formed even after the wire was submerged 
in the pickling solution for 30 minutes. In fact, leaving the wire in the pickling solution longer than one and a half minutes 

40 etched or dissolved the base metal. 

Nickel-titanium alloy member wire 10 comprises a nickel-titanium alloy having nickel by weight in a range of 50 to 
58 percent and titanium by weight in a range of 50 to 42 percent, respectively Theoretically, when the nickel-titanium 
alloy contains these percentages of nickel and titanium, the alloy exhibits desirable well-known shape memory and 
superelastic characteristic properties. Practically, these desirable properties are more pronounceably exhibited with 

45 alloys including nickel by weight in a range of 52 to 57 percent and titanium by weight in a range of 48 to 43 percent, 
respectively. Iron by weight of up to 3 percent is added in particular applications to add strength to the alloy. In such a 
case, the alloy contains 52 percent nickel. 45 percent titanium, and 3 percent iron. Trace elements of under 100 ppm 
per element of chromium, copper, iron, molytxienum, zinc, zirconium, and hafnium are permitted. Up to 1 percent of 
chromium and iron are also permitted in the alloy; however, normally no more than .2 percent of chromium and iron are 

50 added to the alloy to alter the well-known transformation temperature between the martensite and austenite states of 
the alloy. The transformation temperature of the alloy may also be changed 10 to 12 degrees Celsius by the drawing 
process utilized for the nickel-titanium alloy member wire. Nickej-titanium alloy wire, such as nitinol, is commercially 
available from Shape Memory Applications. Inc., Sunnyvale, California, and others. 

Depicted in FIG. 2 is alloy member wire 10 of FIG. 1 removed from the pickling solution. Titanium oxide contaminant 

55 layer 13 has been reduced in thickness by the pickling solution, and flux 15 is applied over a portion of the reduced 
thickness oxidation layer. Similar to aluminum oxide with respect to aluminum, titanium oxide readily forms on the sur- 
face of the nickel-trtanium metal wire. Reoxidation of the alloy member wire occurs within fractions of a second after the 
pickling solution has removed the oxide layer and base metal 14 has been exposed to air. The flux, commonly known 
as Indalloy Flux No. 3, is an aluminum flux paste commercially available from Indium Corporation of America, Utica. 
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New York. The active ingredients of the flux and their concentration by weight percentage include tin chloride (SnCl2) 
13.0 percent, zinc chloride (ZnCIa) 8.0 percent, concentrated hydrofluoric acid (HF-48% active) 14.0 percent, and eth- 
anolamine (HOCH2CH2NH2) 65.0 percent. Recommended mixing of these ingredients includes dissolving the tin chlo- 
ride and zinc chloride in the hydrofluoric add and then adding the ethanolamine. Since the hydrofluoric add is a very 

5 active ingredient, the tin chloride and zinc chloride should be completely dissolved In the hydrofluoric acid prior to add- 
ing the ethanolamine. The ethanolamine should be added very slowly to the hydrofluoric add solution to prevent a vio- 
lent reaction, which can be further avoided by monitoring the temperature of the acid solution for large and rapid 
increases. Protective wear and a ventilated hood should also be utilized. 

FIG. 3 depicts alloy member wire 1 0 of FIG. 2 with flux 1 5 being heated to its activation temperature. The activation 

w temperature of this preferred flux is approximately 93°C (200 degrees Fahrenheit), and is heated thereto using, for 
example, soldering iron 16 set to approximately 232''C (450 degrees Fahrenheit). The soldering iron temperature is set 
at the lower end of the ^77''C to SIO'^C (350 to 950 degree Fahrenheit) range of annealing temperatures of the alloy 
member wire. Since the heat of the soldering iron is only being applied for a short time to heat the flux to its activation 
temperature and to flow subsequently applied solder material, the 232*^0 (450 degree Fahrenheit) temperature does not 

15 adversely effect the shape memory and superelastic properties of alloy member wire 1 0. The activation temperature of 
this flux may also range as high as 343°C (650 degrees Fahrenheit), which is still below the nominal 399^0 (750 degree 
Fahrenheit) annealing temperature of nickel-titanium member wire 10. However, the preferred activation temperature of 
the flux is maintained as low as possible so as not to adversely effect the shape memory and superelastic properties of 
the wire. Heat activated flux 1 5 removes reduced thickness titanium oxide layer 1 3 thereunder and suspends the oxida- 

20 tion therein. The activated flux also removes or leaches titanium from the surface of the base metal nickel-titanium alloy 
wire layer to form a nickel-rich interface surface 26. The activated flux also leaches titanium from the base metal layer 
to form a nickel-rich layer 18 under interface surface 26. The leached titanium is believed to combine with the chlorides 
of the flux to form titanium tetrachloride (TiCU) which is suspended in the flux. The activated flux with the removed tita- 
nium oxide contaminant and leached titanium suspended therein coats the nickel-rich interface surfece 26 and layer 18 

25 to prevent further oxidation or reoxidation of the surface or layer. When the soldering iron is removed, the activated flux 
cools, forming a solidified coating. 

Also shown in FIG. 3 is a top partially cut-away view of nickel-rich interface surface 26 under the activated flux with 
islands 21 of titanium oxide remaining thereon. This is due to the unevenness or to the nonuniformity of the titanium 
oxide layer, the flux layer, and the base metal alloy surface. The nickel-rich surface includes titanium by weight in a 

30 range of approximately 49.5 to 0 percent and nickel by weight in the range of 50.5 to 100 percent, depending on the 
initial concentration of the alloy member wire. The nickel-rich surface and layer includes a higher percentage of nickel 
and a lower percentage of titanium than that of base metal alloy layer 14. A higher percentage of nickel or a lower per- 
centage of titanium increases the flow of solder material on the interface surface and strengthens the metallic bond ther- 
ebetween. The preferred method also includes wiping or scrubbing the activated flux with the removed titanium oxide 

35 partides and leached titanium suspended therein from nickel-rich interface surface 26. This is performed by wiping the 
flux from the surface of the wire in a well-known manner or scrubbing the surface by submerging and agitating the sur- 
face of the wire in a soapy water solution. Not all of the flux is removed in this process. However, the remaining coating 
of flux acts to prevent further oxidation or reoxidation of the surface. 

FIG. 4 depicts an enlarged, longitudinal sectional view of FIG. 3 illustrating base metal layer 14 of alloy wire 10, 

40 nickel-rich interface surface 26, nickel-rich interface layer 18, and flux 15 thereon with removed titanium oxide particles 
17 from titanium oxide layer 13 suspended therein. The activated flux also leaches titanium from the base metal alloy 
member surface shown as particles 20 and suspends them therein as titanium tetrachloride. As shown, nickel -rich inter- 
face surface 26 is etched having pores 19 formed therein with residual islands 21 of titanium oxide remaining thereon. 
Titanium is at least partially removed or etched from the surface of the alloy member wire, leaving nickel-rich interface 

45 surface 26 and layer 1 8. 

FIG. 5 depicts alloy member wire 1 0 of FIG. 3 with Initial flux layer 1 5 partially scrubbed from the surtece of the wire 
and an additional layer of flux 22 applied thereover. The additional layer of flux when activated removes and suspends 
any titanium oxide remaining on the surface thereof and further leaches and suspends titanium from interface surface 
26 and interface layer 18 of alloy member wire 10. Although this step is not absolutely necessary, experiments have 

50 Indicated that the solder joint or laminate formed by base metal layer 1 4, nlckel-rlch sur^ce 26, and a solder material is 
25 percent stronger. Likewise, the step of submerging or applying a pickling solution to the titanium oxide layer also 
increases the strength of the solder joint or laminate by another 25 percent. 

Additional flux layer 22 is heated to its activation temperature to suspend any additional titanium oxide contaminant 
partides and to further leach titanium from the nickel-rich interface surface and layer. Additional flux layer 22 also pro- 

55 vides a liquid or solidified coating to protect the nickel-rich interface surface and layer of the wire from ftjrther oxidation 
or reoxidation. 

Depicted In FIG. 6 Is an enlarged, partially sectioned, longitudinal view of alloy member wire 10 of FIG. 5 with mol- 
ten solder material 23 being flowed on nickel-rich interface surface 26 and displacing flux coating 22 therefrom. Solder- 
ing iron 16 heats flux 22 having removed titanium oxide particles 17 and leached titanium particles 20 suspended 
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therein to above its activation temperature and solder material 23 to a molten state. Molten solder material 23 flows on 
nickel-rich interlace surface 26 and then cools to form solidified solder material 24 and a good metallic bond with nickel- 
rich interface surface 26 and layer 18. The flowing molten solder material fills pores 19 in and on nickel-rich interface 
surface 26 and layer 1 8. As molten solder material 23 flows on the nickel-rich interface surface, flux coating 22 is burned 

5 off or displaced onto titanium oxide layer 13. As a result, a joint is formed comprising base metal nickel-titanium alloy 
14, interface layer 18 and surface 26 having a percentage of nickel greater than the base metal alloy, and solder n^te- 
rial 24. This joint can also be characterized or described as a laminate comprising a base member of a nickel-titanium 
alloy 14 and upper surface 26 of the base member having a lower percentage of titanium than throughout the base 
member as a whole, and a layer of solder material 24 bonded to upper surface 26. As previously described. sokJer 

10 material 24 adheres to nickel-rich interface surface 26 and has a melting point tenriperature less than the annealing tem- 
perature of the t)ase metal alloy so as not to adversely effect the shape memory and superelastic properties of the base 
metal alloy member wire. 

The preferred solder material for the joint or laminate is a tin-silver composition consisting by weight of 96.5 percent 
tin and 3.5 percent silver and having a melting temperature of 221 degrees Celsius (429 degrees Fahrenheit). The 

15 metallic bond formed by this composition solder is qualitatively described as excellent. The solder material may also be 
formed from the group of elements consisting of gold, nickel, indium, tin, silver, cadmium, lead, zirconium, and hafnium. 
Table A includes a list of commercially available solders along with their compositions and melting point temperatures 
as well as a qualitative assessment of the resulting metallic bond formed with a 0.06 cm. (.024*^ nitinol alloy member 
wire. This table includes only solder material tested, and other comparable soMer material formed from the above group 

20 of elements and their equivalents are contemplated. 



TABLE A 



Indium Company No. 


Composition (By Weight 
Percent) 


IVIelting Point CC) 


Results 


150 


81 Pb. 19 In 


280 


fair 


201 


91 Sn,9Zn 


199 


fair 


9 


70 Sn. 18 Pb. 12 In 


162 


poor 


104 


62.5 Sn, 36.1 Pb. 1.4 Ag 


179 


fair 


8 


44 In, 42 Sn. 14Cd 


93 


good 


1 


50 In, 50 Sn 


125 


poor 


133 


95 Sn. 5 Sb 


240 


good 


2 


80 In, 15Pb,5Ag 


155 


fair 


204 


70 In. 30 Pb 


174 


good 


106 


63 Sn. 37 Pb 


183 


fair 


10 


75 Pb, 25 In 


260 


good 


7 


50 In. 50 Pb 


269 


poor 


181 


51.2 Sn,30.6 Pb, 18.2 Cd 


145 


good 


165 


97.5 Pb. 1.5 Ag. 1 Sn 


309 


good 


164 


92.5 Pb, 5 In, 2.5 Ag 


310 


good 


171 


95 Pb. 5 In 


314 


good 


121 


96.5 Sn. 3.5 Ag 


221 


excellent 


Allstate Company No. 306 


96 Sn, 4 Ag 


220 


excellent 


Western Gold & Platinum Company 


80 Au, 20 Sn 


280 


poor 



To measure the advantages of the pickling solution step and the step of applying an additional layer of flux, pull- 
tests were performed on a 0.06 cm (.024") diameter nitinol wire tapered to 0.01 cm. (.004") with a 0.01 cm (.004") plat- 
inum wire coil wound around the tapered end. Joint breakage occurred with 907 to 1360 gms (2 to 3 pounds) applied 
for a single flux layer joint, 1360 to 2268 gms (3 to 5 pounds) applied for a doubleflux layer joint, and 2041 to 3175 gms. 
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(4.5 to 7 pounds] applied to a double flux layer and pickling solution prepared joint. The 0.01 cm. (.004*0 diameter nitinol 
wire tip usually broke with 31 75 gms. (7 pounds) applied thereto. In addition, puil-tests were perfamed on a 0.06 cms. 
(.024*0 diameter nitinol wire bonded with a 3 mm by 2 mm tin-silver solder joint to a 0.01 cms. (.004**) diameter wire of 
platinum, stainless steel, and nitinol. Table B Includes a summary of the results obtained from these pull-tests. 



TABLE B 



Pull Test Results in Pounds (1 Pound = 4,448 N) 


Metal 


Testi 


Test 2 


Tests 


Test 4 


Test 5 


Platinum 


6.5 


5.5 


6.2 


6.2 


6.5 


Stainless Steel 


4.3 


4.2 


5.0 


4.2 


4.2 


Nitinol 


4.0 


3.5 


3.7 


3.5 


3.8 



The pull-tests indicated that the platinum wire formed the strongest joint with the 0.06 cms. (.024**) nitinol wire. 
Since platinum is highly solderable, this result was expected. Stainless steel is extremely difficult to solder, thus the 

20 lower strength pull-test result was also expected. The nitinol to nitinol solder joint produced the lowest strength pull-test 
results. The metallic bonding or soWering of nitinol to nitinol provides a joint in which the interface layer broke away from 
the base metal substrate even though wetting and flowing occurred. The solder material also appeared to fracture as 
the Interface layer broke away from the base metal substrate. Nevertheless, the nitinol to nitinol joint still provided a sat- 
isfactory bond for use in medical devices such as wire guides and the like. It is also contemplated tiiat the use of a sep- 

25 arate flux formulated for each different material for removing contaminants such as oxidation from the surface thereof 
would form a stronger joint. For example, tiie use of a flux specifically designed for wetting stainless steel and a sepa- 
rate flux for wetting tiie nitinol wire would be contemplated to provide a stronger joint when the two metals were sol- 
dered together. 

Depicted in FIG. 7 Is alloy member 10 of FIG. 6 witii another metallic member 25 having been added to the molten 

30 solder and cooled to form solidified material 24. As a result, metallic member 25 is bonded or adheres to tiie solder 
material to form a laminate or joint. Metallic member 25 may be another nickel-titanium member wire having a nickel- 
rich interface surface formed therein, a stainless steel alloy member, a platinum member, or other metal menriber. Mem- 
ber 25 is applied to the molten solder which cools to form solidified solder material 24 for bonding two members 
together. The molten solder flows on nickel-rich interface surtece 26 of layer 1 8 and the surface of member 25. The nfu)l- 

35 ten solder material is cooled to bond the two members together. Thus, a joint is formed comprising a nickel-titanium 
alloy member 10, an interface layer 18 formed in the surface of the member and having titanium oxide contaminant 13 
removed and a predetermined amount of titanium at least partially removed therefrom with flux 22 heated to its activa- 
tion temperature. The joint further comprises a bonding material 24 coated on and adhering to interface layer 18 and 
member 25 bonded to the same solder material 24. The joint may also be characterized as a base substrate 14 of a 

40 metal alloy having by weight a given percentage of nickel and titanium resulting in an alloy having superelastic and 
shape memory prqDerties. The metal alloy has an annealing temperature above which the superelastic and shape 
memory properties are impaired. The joint further comprises nickel-rich interface layer 18 on base substrate 14 which 
has a greater percentage of nickel and a lower percentage of titanium than of the base substrate. Solder material 24 
has a melting temperature less than tiie annealing temperature of the base metal alloy adhering to interlace layer 18. 

45 The joint is formed as previously described. As previously suggested, flux 22 witii removed titanium oxide contaminant 
particles 17 and titanium 20 suspended therein is displaced by the molten solder onto titanium oxkJe layer 13. Flux 22 
also forms a layer over solidified solder material 24 as shown. 

Depicted in FIG. 8 is a sectioned view of the solder joint of FIG. 7 and further illustrating the step of scrubbing the 
flux from the surfaces of alloy member wire 10 and otiier member 25. The flux is cleaned from the titanium oxide layer 

so 13 as well as the solkiified solder material 24 using any of a number of well-known techniques, for example, the use of 
water with mechanical scrubbing or tiie use of ultrasound, abrasives, or cleaning solutions. 

A number of experiments were performed using the joint, laminate, and method for preparing the surface of a nitinol 
wire and bonding to a layer of metal such as solder material and. electively, to another member. One test was conducted 
to determine whether the flux removed titanium as well as titanium oxide from the wire surface. The outside diameter 

55 of the nitinol wire was measured, and the wire was treated witii flux at tiie activation temperature for several hours. The 
outside diameter of tiie wire exhibited a significant decrease past the depth of the oxidation, indicating that material was 
removed from the surface of the base metal nickel-titanium alloy member wire. After treatment, the surface of the nitinol 
wire resisted oxidation in air. indicating that titanium was removed from tiie nickel-rich surface of tiie nitinol wire which 
remained for bonding solder material tiiereto. 
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One specific example of the use of the method with respect to a percutaneous medical device known as a wire 
guide was utilized in soldering a 0.01 cms (.004") platinum wire coil having an outside diameter of 0.036 cms (.014") 
and a length of 2 to 3 cm to a 0.06 cms (.024") diameter nitinol mandril wire approximately 165 to 180 cm in length. The 
distal end of the nitinol mandril wire was tapered to 0.01 cms (.004") and the platinum wire coil positioned over the 

5 tapered distal end. The nitinol mandril wire was submerged in the aforementioned pickling solution for one and a half 
minutes, and a first layer of Indailoy aluminum flux paste No. 3 was applied to distal 1 .5 to 2 cm at>out the tapered distal 
end of the wire. The flux was heated to above its activation temperature of 93X (200 degrees Fahrenheit) with a 22 1 ""C 
(430 degree Fahrenheit) soldering iron tip. The activated flux was wiped from the distal end of the tapered mandril wire. 
The platinum wire coil was placed over tine tapered distal end of tiie mandril wire, and an additional layer of flux paste 

10 applied to the wire coil and mandril. The additional layer of flux was then heated to above its activation temperature and 
Indium tin-silver solder No. 121 was flowed on the wetted distal end. The solder readily flowed over the wire coil and 
tapered distal end of the mandril wire. The solder was allowed to cool, thereby forming a metallic bond or joint between 
the platinum wire coil and the nitinol mandril wire. Other medical devices using a nickel-titanium or nitinol alloy member 
are contemplated. 

75 In summary, tiie present invention solves the problem of bonding or soldering to nickel -titanium alloys such as niti- 
nol and without adversely degrading the desirable shape memory and superelastic properties of the alloy The flux uti- 
lized witii this invention advantageously removes the outer layer of titanium dioxide from the surface of the alloy which 
heretofore had prevented traditional fluxes from wetting and solder material from flowing on the surface to form a good 
metallic bond or joint. The results from the use of this flux was totally unexpected since the flux was designated for use 

20 with aluminum. Furthermore. Indailoy Flux No. 2, which is a specialty flux mixture for soldering high chromium content 
alloys, was suggested for use in soldering to nitinol, but did not even flow tin-silver solder No. 121. The flux of the 
present invention advantageously removes the titanium oxide contaminant layer from the surface of tiie nitinol and fur- 
ther provides a coating layer to prevent reoxidation of the base metal substrate during tiie soldering process. Hereto- 
fore, nickel-titanium alloys such as nitinol were believed not solderable. Unexpectedly, the present invention solves 

25 these problems by providing an acceptable joint by which nitinol is t>ondable to itself and other metals and. in addition, 
witiiout affecting the shape memory and superelastic properties of the nitinol. Previously it was known tiiat nitinol could 
be brazed: however, tiie brazing process destroyed the shape memory and superelastic properties of the alloy which 
renders it unacceptable for many medical device applications. 

The solder joint, laminate, and the method of preparing the surface of tiie nickel-titanium alloy member fa bonding 

30 solder material thereto have been illustrated and described in the drawing and foregoing description, the same is to be 
considered illustrative and not restrictive in character. It is to be understood that only the preferred embodiment has 
been shown and that all changes and modifications that come within tiie scope of the claims are to be protected. In par- 
ticular, it is contemplated tiiat different composition solder materials may be utilized that wore closely conform to the 
desired characteristics, such as flexibility, tensile strength, and hardness of ttie nickel-titanium alloy member. Furtiier- 

35 more, the percentages of nickel and titanium in the alloy may be varied or other small percentages of elements utilized 
to exhibit modified or different shape memory and superelastic properties and to provide different annealing tempera- 
tures. Additionally any flux of any composition having an activation temperature below the annealing temperature of the 
alloy and having similar or equivalent component elements to remove titanium from tiie base metal alloy are also con- 
templated. It is further contemplated that a high temperature solder material may be used to form a small initial joint, 

40 and a larger deposit of a low temperature solder material be subsequentiy applied to form a stronger overall joint. This 
is particularly useful when bonding materials that are extremely difficult to solder, such as when soldering wires end to 
end or soldering nitinol to nitinol. The method of preparing a nickel-titanium alloy member surface for bonding another 
layer of metal thereto is believed to involve the removal of tiie outside titanium oxide layer and the leaching of titanium 
from tiie base metal substrate. However, the use of the aluminum paste flux is not completely understood since the use 

45 of this flux with aluminum involves removing the outside aluminum oxide layer and replacing aluminum in the base metal 
substrate with zinc which is present in the flux. Accordingly it is contenplated that titanium in the base metal substrate 
of tiie alloy may be replaced witti zinc in the flux. However, since the results of the present invention were totally unex- 
pected, only further tests can substantiate or refute this contemplation. 

50 Claims 

1. A method of preparing a surface (26) of an alloy member (10) comprising nickel and titanium, for bonding a layer 
of anotiier metal (24) thereto, the method comprising tiie steps of applying to said member surface a flux (15) hav- 
ing an activation temperature below a predetermined annealing temperature of said alloy member, said flux having 
55 at least one of tin chloride, zinc chloride, hydrofluoric acid, and ethanolamine as active ingredients for removing tita- 
nium oxide contaminant (1 3) from said member surface and for furtiier removing at least portions of titanium from 
said member surface while leaving nickel therein; and removing with said flux said contaminant and at least por- 
tions of titanium from said member surface while leaving nickel therein to form a nickel-rich interface surface for 
bonding said other metal layer thereto. 
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2. The method of claim 1 , characterised In that the step of removing said contaminant from said member surface 
includes heating said flux to said activation temperature and suspending said contaminant in said flux, and/or the 
step of removing at least portions of said titanium includes at least partially leaching titanium from said member 
surface with said flux heated to said activation temperature. 

5 

3. The method of claim 2, further characterised by the step of cooling the flux to solidify said flux and form a solid coat- 
ing of said flux on said nickel-rich interface surface after said flux-heating step. 

4. The method of claim 1 . characterised in that said removing step comprises heating said flux to said activation tem- 
10 perature and scrubbing from said member surface said flux having therein said contaminant and titanium removed 

from said nickel-rich interfeice surface. 

5. The method of claim 4. further characterized by applying additional flux to said scrubbed nickel-rich interfece sur- 
face. 

15 

6. The method of any one preceding claim, characterised in that said other metal is flowed in a molten state on said 
nickel-rich interface surface, optionally after applying said additional flux, and optionally displacing from said nickel- 
rich interface surface of sakj flux with said contaminant and said titanium removed from said nickel-rich interface 
surface. 

20 

7. The method of claim 1 or 6, characterised in that the flux is cleaned from said alloy member after said other metal 
has been applied thereto, and/or a pickling solution is applied to at least partially remove said contaminant from 
said member surface prior to applying said flux to said member surfece. 

25 8. A method of any one preceding claim, characterised in that the other metal is solder, optionally selected from gold, 
nickel, indium, tin. silver, cadmium, lead, zirconium, and hafnium, and having a melting point below a predeter- 
mined annealing tenperature of said alloy member, and in that a second metal member is optionally positioned In 
contact with said molten solder so that upon cooling said molten solder joins said alloy member to said second 
member. 

30 

9. The method of claim 8. characterised in that said nickel-titanium alloy member has nickel by weight in a range of 
50 to 58 percent and titanium by weight in a range of 50 to 42 percent, and/or the said nickel-rich interface surface 
has titanium by weight in a range of approximately 49.5 to 0 percent and nickel by weight in a range of 50.5 to 100 
percent. 

35 

10. The method of claim 8. characterised in that said second member is a nickel -titanium alloy wire having a surface 
prepared in the same manner as said nickel-rich interface surface of said alloy member, and/or is a wire coil of 
stainless steel or platinum. 

40 11. The method of any one of claims 1 to 7, characterised in that sakJ other metal is a soft solder having a melting tem- 
perature below 425 degrees Celsius, and is for example a silver solder. 

PatentansprOche 

45 1. Verfahren zur Vorbereitung einer Oberfldche (26) eines Nickel und Titan enthaitenden Legierungsbauelements 
(10) zur Verbindung mit einer Schicht eines anderen Metalls (24). bei dem man auf die Bauelementoberfldche ein 
FiuGmittel (15) mit einer Aktivierungstemperatur unterhalb einer vorbestimmten Gluhtemperatur des Legierungs- 
bauelements aufbringt. wobei das Flu8mittel zumindest eine der Verbindungen Zinnchlorid, Zinkchlorid. Fluon/vas- 
serstoffsSure und Ethanolamtn als aktive Bestandteile zur Entfernung von Titanoxid-Verunreinigung (13) von der 

50 Bauelementoberfldche und zur weKeren zumindest teilweisen Entfernung von Titan von der Bauelementoberfld- 
che, wahrend das Nickel darin verbleibt. aufweist; und mit dem FluBmittel die Verunreinigung und zumindest teil- 
weise Titan von der Bauelementoberfldche entfernt, wdhrend das Nickel darin verbleibt, wobei sich eine 
nickelreiche Grenzoberf lache zur Verbindung mit der anderen Metallschicht ergibt. 

55 2. Verfahren nach Anspruch 1. dadurch gekennzeichnet, daB man bei der Entfernung der Verunreinigung von der 
Bauelementoberfiache das FluBmittel auf die Aktivierungstemperatur erhitzt und die Verunreinigung darin suspen- 
diert und/oder man bei der zumindest teilweisen Entfernung des Titans mit dem auf die Aktivierungstemperatur 
erhitzten FluBmittel Titan zumindest teilweise aus der Bauelementoberf Idche auslaugt. 
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3. Verfahren nach Anspruch 2, weiter dadurch gekennzeichnet, daB man das FluBmittel zwecks Verfestigung abkuhit 
und nach dem Erhitzen des FluBmittels auf der nicketreichen Qrenzoberfldche einen festen Uberzug herstellt. 

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB man beim Entfernungsschritt das FluBmittel aul die 
5 Aktivierungstemperatur erhitzt und das die bzw. das von der nickelreichen Grenzoberfldche entfernte Verunreini- 

gung und Titan enthaltende FluBmittel von der Bauelementoberfldche abschrubbt. 

5. Verfahren nach Anspruch 4, weiter dadurch gekennzeichnet, daB man auf die abgeschrubbte nickelreiche 
Grenzoberfiache zusdtzliches FluBmittel aufbringt. 

10 

6. Verfahren nach einem der vorhergehenden AnsprQche, dadurch gekennzeichnet, daB man das andere Metall in 
schmelzflussigem Zustand auf die nickelreiche Qrenzoberfldche flieBen IdBt, gegebenenfails nach Aufbringung 
des zusatzlichen FluBmittels, und gegebenenfails das die bzw. das von der nickelreichen Grenzoberfldche ent- 
fernte Verunreinigung und Titan enthaltende RuBmittel von der nickelreichen Grenzoberfldche verdrangt. 

15 

7. Verfahren nach Anspruch 1 oder 6, dadurch gekennzeichnet. daB man nach dem Aufbringen des anderen Metalls 
das RuBmittel vom Legierungsbauelement abtrennt und/oder zur zumindest teilweisen Entternung der Verunreini- 
gung von der Bauelementoberf idche vor dem Aufbringen des FluBmittels auf die Bauelementoberf Idche eine Beiz- 
Idsung aufbringt. 

20 

8. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB man als anderes Metall L6t- 
mittel. gegebenenfails ausgewdhlt aus Goki, Nickel. Indium. Zinn, Sllber. Cadmium. Blel, Zirkonium und Hafnium 
und mit einem Schmelzpunkt unter einer vorbest'mmten Gluhtemperatur des Legierungsbauelements. einsetzt 
und daB man ein zweites Metallbauelement gegebenenfails so positioniert. daB es mit dem schmelzflussigen LOt- 

25 mittel In BerQhrung kommt, so daB das schmelzflQssige LOtmittel beim AbkQhIen das Legierungsbauelement mit 
dem zweiten Bauelement verbindet. 

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daB rnan ein Bauelement aus Nickel-Titan-Legierung ein- 
setzt, das 50 bis 58 Gew.-% Nickel und 50 bis 42 Gew.-% Titan enthait, und/oder die nickelreiche Grenzoberfldche 

30 etwa 49.5 bis 0 Gew.-% Titan und 50.5 bis 100 Gew.-% Nickel enthdlt. 

10. Verfahren nach Anspruch 8. dadurch gekennzeichnet. daB man als zweites Bauelement einen Draht aus Nickel- 
Titan-Legierung mit einer auf die gleiche Art und Weise wie die nickelreiche Grenzoberfldche des Legierungsbau- 
elements vorbereiteten Oberf Idche und/oder eine Drahtspule aus rostfreiem Stahi oder Platin einsetzt. 

35 

11. Verfahren nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet. daB man als anderes l\^etall ein Weichlot 
mit einer Schmelztemperatur unter 425'>C. beispielsweise ein Silberlotmittel. einsetzt. 

Revendications 

40 

1. Proc6d6 de preparation d'une surface (26) d'un §I6ment d'alliage (10) comprenant du nickel et du titane, pour y 
souder une couche d'un autre m^tal (24). le proc^§ comprenant les stapes consistant k appliquer h la surface 
dudit element un fondant (15) ayant une temperature d'activation inf^rieure d une temperature de recuit pr^d^ter- 
min^e dudit element d'alliage, iedit fondant contenant au moms un compost parmi le chlorure d'^tain. le chlorure 

45 de zinc, l*acide f luorhydrique et i'^thanolamlne. comme substances actives pour eiimlner le contaminant oxyde de 
titane (13) de la surface dudit element et pour 6Iiminer en outre au moins des parties du titane de la surface dudit 
element tout en y laissant le nickel; et d eiiminer avec Iedit fondant Iedit contaminant et au moins des parties du 
titane de la surface dudit element tout en y laissant du nickel pour former une surfece k interface riche en nickel 
afin dV souder ladite autre couche metallique. 

50 

2. Precede selon la revendication 1 , caracterise en ce que retape consistant d eiiminer I edit contaminant de la surface 
dudit element comprend le chauffage dudit fondant ^ ladite temperature d'activation et la mise en suspension dudit 
contaminant dans Iedit fondant, et/ou retape consistant ^ eiiminer au moins des parties dudit titane comprend la 
lixiviation au moins partielle du titane de la surface dudit element avec Iedit fondant chauffe k ladite temperature 

55 d'activation. 

3. Precede selon la revendication 2, caracterise en outre par I'etape consistant k refrokJir le fondant pour solidif ier Iedit 
fondant et former un revdtement solide dudit fondant sur ladite surface k interface riche en nickel apres ladite etape 
de chauffage du fondant. 



10 



EP 0515 078 B1 



4. Proc6d6 selon la revendication 1 , caract6ris6 en ce que ladite 6tape d'6limination comprend le chauffage dudit fon- 
dant d ladite temperature d'activation et le r^curage de la surface dudit element pour en retirer ledit fondant renfer- 
mant ledit contaminant et le titane 6limin^ de ladite surface k interface riche en nickel. 

5 5. Proc^6 selon la revendication 4, caract^ris^ en outre en ce que t'on applique davantage de fondant k ladite sur- 
face k interface riche en nickel r6cur6e. 

6. Proc§d6 selon Tune quelconque des revendications pr6c6dentes, caract6ris6 en ce que ledit autre m&ta\ est mis k 
couler k I'^tat fondu sur ladite surface k interface riche en nickel, ^ventuellement apr^s Tapplication dudit fondant 

10 suppl6mentaire, et ^ventuellement d6placement. de ladite surface k interface riche en nickel, dudit fondant renfer- 
mant ledit contaminant et ledit titane 6limin6s de ladite surface k interface riche en nickel. 

7. Proc6d6 selon la revendication 1 ou 6, caract^ris^ en ce que le fondant est netkoy6 dudit element d'alliage apr^ 
que Tautre m6tal y a §te appliqu^ et/ou une solution de d^capage est appiiqu^e pour §liminer au moins partielle- 

15 ment ledit contaminant de la surface dudit element avant I'application dudit fondant sur la surface dudit element. 

8. Precede selon Tune quelconque des revendications pr^c^entes, caract^ris^ en ce que Tautre m^tal est une bra- 
sure, ^ventuellement choisie dans le groupe constrtu6 par Tor, le nickel, Tindium, retain, i'argent. le cadmium, le 
plomb. le zirconium et Thafnium, et ayant un point de fusion inf6rieur k une temperature de recuit pr6d6termin6e 

20 dudit element d'alliage. et en ce qu'un second element m^tallique est place eventuellement en contact avec ladite 
brasure en fusion de mani^re que, apr^ refroidissement, ladite brasure en fusion soude ledit element d*alliage 
audit second element. 

9. Precede selon la revendication 8, caracteris6 en ce que ledit element d'alliage nickel-titane renferme du nickel k 
25 raison de 50 k 58 pour cent en poids et du titane k raison de 50 & 42 pour cent en poids, et/ou ladite surface k inter- 
face riche en nickel renferme du titane k raison d'environ 49,5 k 0 pour cent en poids et du nickel k raison de 50.5 
k 100 pour cent en poids. 

10. Precede selon la revendication 8, caracterise en ce que ledit second element est un fil d'alliage nickeltitane ayant 
30 une surfece preparee de la mdme maniere que ladite surface k interface riche en nickel dudit element d'alliage, 

et/ou est un serpentin de fil metallique en acier inoxydabie ou en piatine. 

11. Precede selon I'une quelconque des revendications 1 k 7, caracterise en ce que ledit autre metal est une brasure 
tendre ayant une temperature de fusion inf erieure k 425 degres Celsius et est, par exemple, une brasure k I'argent. 

35 
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